SUMMARY In this study we attempted to examine the extent of jeopardised myocardium in patients with severe left anterior descending disease. The jeopardised myocardium was defined by the number of perfusion defects in the distribution of the left anterior descending artery depicted on exercise thallium-201 images. One segment in each of the three projections was considered to represent the distribution of this vessel, that is the anterolateral segments in the anterior projection, the anteroseptal segment in the left anterior oblique projection, and the anterior segment in the lateral projection.
SUMMARY In this study we attempted to examine the extent of jeopardised myocardium in patients with severe left anterior descending disease. The jeopardised myocardium was defined by the number of perfusion defects in the distribution of the left anterior descending artery depicted on exercise thallium-201 images. One segment in each of the three projections was considered to represent the distribution of this vessel, that is the anterolateral segments in the anterior projection, the anteroseptal segment in the left anterior oblique projection, and the anterior segment in the lateral projection.
We selected 45 patients with > 70 per cent diameter narrowing of the left anterior descending artery and abnormal exercise images in the distribution of this vessel. There were 17 patients with isolated left anterior descending artery disease and 28 patients with multivessel disease including the left anterior descending artery. Fifteen patients (33%) had one perfusion defect (four patients with isolated disease and 11 patients with multivessel disease); 17 patients (38%) had two perfusion defects (six with isolated disease and 11 with multivessel disease); and 13 patients (29%) had three perfusion defects (seven with isolated disease and six with multivessel disease). The anteroseptal segment was the most common segment to become ischaen.ic during exercise and was abnormal in 40 of the 45 patients (89%). The anterior segment in 27 patients (60%) was next, and the anterolateral segment in 20 patients (44%) the least common. The number of defects did not correlate with the site of disease of the left anterior descending artery (proximal vs. distal to the first septal and first diagonal branches); the degree of left anterior descending narrowing (70 to 99% vs. total occlusion); collaterals; left ventricular asynergy; the presence of isolated left anterior descending disease in contrast with multivessel disease.
We conclude that variations in the extent ofperfusion abnormalities seen in patients with disease of the left anterior descending artery suggest that these patients do not constitute a homogeneous group. Future studies designed to study the effect of medical or surgical treatment in such patients may be more meaningful if the extent of jeopardised myocardium, as defined by exercise thallium-201 imaging, is incorporated as a variable in group comparison. Our results also suggest that the number of perfusion defects do not predict the site of the lesion of the left anterior descending artery in relation to its first septal and diagonal branches.
There is still considerable controversy concerning tion to the septal perforator and the diagonal the management of patients with severe disease of branches; the degree of narrowing; and the disthe left anterior descending artery. Several studies tribution of this vessel and thus, conceivably, the have reported no improvement in survival in such amount of myocardium nourished by this vessel. We patients when treated with aortocoronary bypass have previously suggested that there is considerable surgery.1-5 Several factors may contribute to this variation in the anatomical distribution of this vessel controversy: the location of the narrowing in rela-and in the number of its secondary branches.6 vessels according to the location of perfusion abnormality in the various projections used for imaging. [7] [8] [9] The purpose of this study is to examine the extent of jeopardised myocardium in patients with left anterior descending artery disease and to define the factors that could affect it.
Subjects and methods
We selected the patients in this study using the following criteria. First, each patient had exerciseinduced perfusion defect(s) in the distribution of the left anterior descending artery (Fig. 1) We performed left and right heart catheterisation, left ventriculography, and selective coronary arteriography in each patient using standard techniques.
Lat. Table 1 . There were no statistically significant differences between patients with one defect compared with those with two or three defects in the maximum heart rate during exercise, the duration of exercise, the functional aerobic impairment, the presence of angina during exercise, and the results of the exercise electrocardiogram. On the other hand, the maximum systolic pressure during exercise and the double product (heart rate x systolic blood pressure) during exercise were higher in patients with one defect compared with those with multiple defects.
The large number of patients with non-diagnostic exercise electrocardiogram in this study is the result of the presence of resting ST abnormalities or failure to achieve at least 85 per cent of the maximum predicted heart rate.
There was a total of 88 perfusion defects in the three projections in these patients. The anteroseptal segment was most commonly involved followed by the anterior segment and then the anterolateral segment (Table 2) . Of the patients with single perfusion defects, the anteroseptal area was involved in 10 patients, the anterolateral area in four patients, and the anterior area in only one patient. Of the patients with isolated disease of the left anterior descending artery, four had one perfusion defect, six had two perfusion defects, and seven had three perfusion defects. Of the patients with multivessel disease, 11 had isolated defects, 11 had two defects, and six had three defects (Fig. 2) . The effects of the degree of narrowing, the site of narrowing, extent of the coronary artery disease, collaterals, and left ventricular asynergy on the number of perfusion defects are shown in Table 3 group.bmj.com on April 12, 2017 -Published by http://heart.bmj.com/ Downloaded from was 70 to 99 per cent, and in the remaining seven patients there was total occlusion. Collaterals were present equally in patients with one or multiple defects, and the left ventricular wall motion abnormalities were also equally distributed.
The correlation between extent of coronary artery disease, the degree of left anterior descending artery narrowing, left ventricular asynergy, collaterals to the site of the disease (proximal or distal to the first septal perforator), and number of perfusion defects is shown in Table 4 . As can be seen, 72 per cent of the patients with disease proximal to the first septal perforator had two or three perfusion defects Table 5 shows a similar correlation analysed in relation to the location of the disease of the left anterior descending artery in relation to the first diagonal branch. Again, 71 per cent of the patients with disease proximal to the first diagonal had two or three perfusion defects compared with 57 per cent of patients with distal disease (NS). Table 6 shows the location, extent, degree of narrowing of the left anterior descending, and left ventricular asynergy in patients with or without perfusion abnormalities in each of the three segments. The particular segments involved with perfusion abnormality did not predict the location, the degree of narrowing or the extent of coronary artery disease in these patients. It is interesting to note that though the anteroseptal segment was the most common area to be ischaemic, this segment did not have localising accuracy in determining the site of the disease in relation to the first septal perforator.
Discussion
Our results in this selected group of patients indicate that there is a wide spectrum of exerciseinduced perfusion abnormalities in patients with significant disease of the left anterior descending artery. Approximately one-third of the patients had isolated perfusion defects, one-third had two perfusion defects, and one-third had three perfusion defects, as seen on exercise thallium-201 imaging. It is conceivable that there is some overlap between the representative anatomical segments in the three projections. This overlap may depend not only on the size, shape, and position of the heart but also on the precise degree of the assigned projections. It is unlikely, however, that the separation of the patients into three groups is fortuitous on the basis of overlap alone. The left ventriculograms in patients with disease of the left anterior descending artery show a range from normal to severe dysfunction with aneurysm formation or large akineticdyskinetic segments (or both).14 This variation in the extent of jeopardised myocardium is not unexpected given the variation in distribution of the left anterior descending artery and in the number of its secondary branches and thus, perhaps, in the amount of the myocardium nourished by this vessel. 6 The extent of coronary artery disease, that is the presence of isolated left anterior descending artery disease versus two-or three-vessel disease (including the left anterior descending artery); the degree of narrowing (that is 70 to 99 per cent vs. total occlusion); collaterals; the degree of left ventricular asynergy assessed by left ventriculography; the location of the narrowing in relation to the first septal perforator and the first diagonal branches did not appear to influence the extent of perfusion defects. Two important factors should be considered in relation to the number of the defects in our patients. First, the level of exercise, and second, the resolution of the scintillation camcra. McLaughlin et al. 15 have shown, in a group of 12 patients with coronary artery disease studied at two levels of exercise, that only 16 of 30 (53%) of the ischaemic defects present at maximal exercise were seen during light exercise. In our study there were no significant differences between patients with one defect compared with those with multiple defects in the intensity of exercise (duration or stage according to a standard Bruce protocol); peak heart rate during exercise; the presence of angina during exercise; and the presence of positive exercise electrocardiograms during exercise. In fact, the maximum systolic blood pressure and the double product during exercise were significantly higher in patients with one defect compared with those with two or three defects (Table 1) . These findings thus indicate that the level of exercise may not be the only reason for the difference in the size of the ischaemic myocardium in our patients. In patients with multivessel disease, it may be assumed that patients may end the exercise because of ischaemia in the distribution of vessels other than the left anterior descending artery. This appears less likely since we have selected for this study only the patients who developed ischaemia in the distribution of the left anterior descending artery, though a few of them had ischaemia in the distribution of the remaining vessels as well. The second problem is related to the resolution of the scintillation camera. It is well known that large defects (more than 2-5 cm in diameter) can be visualised when imaged in any projection but small defects can only be visualised if imaged tangentially or en face. Thus, it is conceivable that some small defects may not have been visualised because of the resolution of the camera, overlap with adjacent normal myocardium, or because ofimproper projection. The effect ofmissing small defects should not influence the results substantially since we used the same scintillation camera and obtained comparable projections in all patients.
The clinical importance of the variation in the extent of perfusion abnormalities in patients with left anterior descending artery disease could not be answered from our study, but it may be important to determine whether patients with multiple defects have a higher mortality rate or a higher risk of developing severe left ventricular dysfunction in the event of infarction than patients with isolated defects.
The results from this study may also explain the conflicting conclusions obtained from the comparison of medical versus surgical treatment in these patients. It appears appropriate to us that future studies addressing this problem should incorporate the results of exercise thallium-201 imaging as a variable.
Our study also suggests that the anteroseptal segment seen in the left anterior oblique projection is the segment most commonly ischaemic in patients with left anterior descending artery disease. This is not unexpected since in this projection there is a variable overlap of the anterior and septal regions, both areas being served by the left anterior descending artery; therefore, the perfusion abnormality in this area may be better projected. This finding appears to be important, since laboratories involved in exercise-gated left ventricular nuclear angiograms (generally performed in a modified left anterior oblique projection) can predict left anterior descending artery disease with reasonable assurance if wall motion abnormalities are noted in the anteroseptal area, which is well defined in this projection.
Abnormalities in the perfusion of the anteroseptal area, however, did not correlate with the location of the left anterior descending artery disease in relation to the first septal perforator; there are two main reasons for these findings: the first septal perforator may, in fact, not be important; that is, septal perfusion may depend on the total number of septal perforators or, on the contribution of the right coronary artery to septal perfusion via the posterior septal perforator branches. 
